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Abstract
All groups of type E25 · E4 are considered as possible automorphism groups of a (100; 45; 20)
symmetric design. New designs are constructed, and those among them leading to Bush-type
Hadamard matrices of order 100 are singled out. Further, the full automorphism groups of the
constructed designs are given. c© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
The particulars on all known (100; 45; 20) symmetric designs with automorphism
groups of order 100 that are nonabelian extensions of the group E25 by the cyclic
group of order four are given in [1]. On the other side, only one (100, 45, 20) sym-
metric design having as automorphism group an extension of E25 by E4 is known
so far. It is given in [6], together with its detailed connection with a Bush-type
Hadamard matrix.
Up to isomorphism, there are three nonabelian groups of type E25 · E4 (semidirect
product of elementary abelian groups of orders denoted by the indices). In this paper,
we give a construction of new (100; 45; 20) symmetric designs, assuming consecutively
that one of these groups acts on a design with given parameters. We also ?nd some
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interesting properties of the constructed designs such as those given in Remark 2.1
and Section 3, as well as their full automorphism groups. The method of tactical
decomposition used for the construction is described in [5]. We assume the reader’s
familiarity with the basic notions such as orbit distribution, orbit structure (matrix) or
indexing. Our notation is mostly in accordance with [2].
2. Action of groups E25 · E4
Nonabelian groups of order 100 that are a semidirect product of the group E25 by
E4 can be given in terms of generators and relations as
G1 = 〈a; b; c; d | a5 = b5 = [a; b] = 1; c2 =d2 = [c; d] = 1; cac= a;
cbc= b; dad= a; (db)2 = 1〉;
G2 = 〈a; b; c; d | a5 = b5 = [a; b] = 1; c2 =d2 = [c; d] = 1; cac= a;
cbc= b; (da)2 = 1; (db)2 = 1〉;
G3 = 〈a; b; c; d | a5 = b5 = [a; b] = 1; c2 =d2 = [c; d] = 1; cac= a;
(bc)2 = 1; (da)2 = 1; (db)2 = 1〉:
We consider possible Gi-action, i=1; 2; 3; on a (100; 45; 20) symmetric design in
two orbits of length 50. The only orbit matrix in that case is
(O1)
50 50
20 25 50
25 20 50
and a design construction is equivalent to its indexing.
Gi-orbits of length 50, i=1; 2; 3; can be stabilized by the subgroup 〈c〉 or 〈d〉: In
either case, the corresponding group generators’ permutation representation of degree
50 is provided.
Theorem 2.1. There are 264 nonisomorphic; pairwise dual (100; 45; 20) symmetric
designs with G1 as an automorphism group acting in two orbits of length 50. G1 is
their full automorphism group.
Proof. Permutation representation of the generator c∈G1 on 〈c〉-cosets is the identity.
This means that, if 〈c〉 stabilized an orbit of length 50, c would ?x all the points
of the design, so the number of its ?xed points would exceed the upper bound for a
nontrivial automorphism [8, p. 82]. Hence, the subgroup 〈c〉6G1 being ruled out as
an orbit stabilizer, it remains to consider the case of G1 acting in orbits stabilized by
the subgroup 〈d〉:
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The group G1 generators’ permutation representation on 〈d〉-cosets is:
Generator a –¿ (no ?xed point)
(1 2 3 4 5) (6 10 11 12 13) (7 17 21 20 22) (8 18 32 35 26)
(9 19 29 34 40) (14 15 24 30 46) (16 23 33 45 37)
(25 38 50 42 48) (27 36 31 43 44) (28 41 47 49 39)
Generator b –¿ (no ?xed point)
(1 6 7 8 9) (2 10 17 18 19) (3 11 21 32 29) (4 12 20 35 34)
(5 13 22 26 40) (14 16 25 39 27) (15 23 38 28 36)
(24 33 50 41 31) (30 45 42 47 43) (37 48 49 44 46)
Generator c –¿ (no ?xed point)
(1 14) (2 15) (3 24) (4 30) (5 46) (6 16) (7 25) (8 39) (9 27)
(10 23) (11 33) (12 45) (13 37) (17 38) (18 28) (19 36) (20 42)
(21 50) (22 48) (26 49) (29 31) (32 41) (34 43) (35 47) (40 44)
Generator d –¿ (10 ?xed points)
(6 9) (7 8) (10 19) (11 29) (12 34) (13 40) (16 27) (17 18)
(20 35) (21 32) (22 26) (23 36) (25 39) (28 38) (31 33)
(37 44) (41 50) (42 47) (43 45) (48 49):
As a representative block of each block orbit we take a 〈d〉-stabilized one, so it
is to be composed of 〈d〉-point orbits as a whole. There are 10 such orbits of length
1 (?xed points) and 20 orbits of length 2 on each G1-point orbit of length 50. This
gives a large number of possibilities for orbit matrix (O1) indexing, and one needs
additional facts so as to reduce the computational scope and to put ?nal result within
reach, without losing its generality. For this reason all the re?nements of the orbit
matrix (O1), regarding the action of E25; were searched for. The following two were
found:
(O2)
25 25 25 25
10 10 15 10 25
10 10 10 15 25
15 10 10 10 25
10 15 10 10 25
and (O3)
25 25 25 25
12 8 11 14 25
8 12 14 11 25
14 11 12 8 25
11 14 8 12 25
:
Entries of matrices (O2) and (O3) determine the subdivision of points from G1-point
orbits lying on any block into orbits of E25. Herewith, together with the corresponding
subdivision of 〈d〉-point orbits into sets
{{1}; {2}; {3}; {4}; {5}; {6; 9}; {7; 8}; {10; 19}; {11; 29};
{12; 34}; {13; 40}; {17; 18}; {20; 35}; {21; 32}; {22; 26}} and
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Table 1
D11 : 2 5 10 19 20 21 22 24 26 28 30 32 35 37 38 41 42 44 47 50
3 7 8 10 11 12 13 14 15 17 18 19 20 25 29 30 31 33 34 35 37 39 40 44 46
1 2 3 5 6 9 16 17 18 20 27 28 30 31 33 35 37 38 41 42 44 47 48 49 50
2 5 13 17 18 20 21 23 24 30 32 35 36 40 41 42 47 48 49 50
D21 : 2 5 10 11 12 19 22 24 26 28 29 30 31 33 34 37 38 43 44 45
3 6 9 10 12 14 15 16 17 18 19 20 21 22 26 27 30 32 34 35 41 46 48 49 50
1 2 3 5 6 9 16 17 18 20 27 28 30 31 33 35 37 38 41 42 44 47 48 49 50
2 5 13 17 18 20 21 23 24 30 32 35 36 40 41 42 47 48 49 50
D31 : 2 5 10 19 20 21 22 24 26 28 30 32 35 37 38 41 42 44 47 50
3 7 8 10 12 13 14 15 17 18 19 20 21 25 30 32 34 35 37 39 40 41 44 46 50
1 2 3 5 6 9 12 16 17 18 27 28 30 31 33 34 37 38 41 43 44 45 48 49 50
2 5 13 17 18 20 21 23 24 30 32 35 36 40 41 42 47 48 49 50
D41 : 2 5 10 11 12 19 22 24 26 28 29 30 31 33 34 37 38 43 44 45
4 6 9 11 13 14 15 16 17 18 20 21 22 24 26 27 28 29 32 35 38 40 42 46 47
1 2 4 5 6 9 16 21 22 23 24 26 27 28 32 36 38 41 42 43 45 47 48 49 50
2 5 13 17 18 20 21 23 24 30 32 35 36 40 41 42 47 48 49 50
{{14}; {15}; {24}; {30}; {46}; {16; 27}; {23; 36}; {25; 39};
{28; 38}; {31; 33}; {37; 44}; {41; 50}; {42; 47}; {43; 45}; {48; 49}}
regarding E25-orbits, the number of indexing possibilities decreases signi?cantly.
Additionally, pre-selecting one out of 10 ?xed blocks as an orbit representative is
used to partly avoid the construction of isomorphic designs, as well as the mapping
∈N (G1) of order 4 which we represent by its suitable permutation representation of
degree 50:
= (1) (14) (2 3 5 4) (6 7 9 8) (10 21 40 35) (11 22 34 18) (12 17 29 26)
(13 20 19 32) (15 24 46 30) (16 25 27 39) (23 50 44 47) (28 33 48 43)
(31 49 45 38) (36 41 37 42):
It proves that only for the re?nement (O2), (O1)-indexing can be accomplished
successfully. Finally, applying program Nauty [9] it turns out that among the
constructed designs there exist 264 mutually nonisomorphic ones, that they are pair-
wise dual and have full automorphism group of order 100. Because it would
require a lot of space to list, up to isomorphism and duality, 132 obtained
designs, in Table 1 we note only two dual pairs, interesting with regard to
Section 3.
Here, D31 ∼= (D11)∗ and D41 ∼= (D21)∗ (∗ denotes dualizing): Each design is presented by
a pair of representative blocks of its orbits. Each block is recorded in two rows; points
of its ?rst point-orbit are given in the ?rst row, and points of its second point-orbit
in the second row. The other blocks of the orbit can be obtained by producing all
G1-images of a representative.
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Theorem 2.2. There is no (100; 45; 20) symmetric design with G2 as automorphism
group acting in two orbits.
Proof. If G2 acted on a design with given parameters in two orbits, hence of length
50, the orbit stabilizer would be a subgroup of order 2, either 〈c〉 or 〈d〉: The former
is ruled out because the automorphism c has an identity permutation representation on
〈c〉-cosets (see the proof of Theorem 2.1). The latter assumed as a stabilizer, the ?rst
orbit indexing fails.
Theorem 2.3. Up to isomorphism there are 24 (100; 45; 20) symmetric designs on
which G3 acts in two orbits, both stabilized by the subgroup 〈d〉: Six of them are
selfdual. G3 is the full automorphism group of them all.
There exist exactly 3 nonisomorphic selfdual (100; 45; 20) designs on which G3
acts in two orbits; both stabilized by 〈c〉6G3: Their full automorphism groups are
of order 100; 200 and 1200.
The group G3 cannot act on a (100; 45; 20) symmetric design in two orbits so that
one of them is stabilized by the subgroup 〈c〉 and the other by the subgroup 〈d〉:
Proof. (1) Permutation representation of G3-generators on 〈d〉-cosets is:
Generator a –¿ (no ?xed point)
(1 2 3 4 5) (6 10 11 12 13) (7 17 21 22 20) (8 18 29 32 31)
(9 19 30 40 33) (14 15 24 35 27) (16 25 36 44 37)
(23 28 34 38 42) (26 50 49 45 46) (39 47 48 41 43)
Generator b –¿ (no ?xed point)
(1 6 7 8 9) (2 10 17 18 19) (3 11 21 29 30) (4 12 22 32 40)
(5 13 20 31 33) (14 16 26 41 23) (15 25 50 43 28)
(24 36 49 39 34) (27 37 46 48 42) (35 44 45 47 38)
Generator c –¿ (no ?xed point)
(1 14) (2 15) (3 24) (4 35) (5 27) (6 23) (7 41) (8 26) (9 16)
(10 28) (11 34) (12 38) (13 42) (17 43) (18 50) (19 25) (20 48)
(21 39) (22 47) (29 49) (30 36) (31 46) (32 45) (33 37) (40 44)
Generator d –¿ (2 ?xed points)
(2 5) (3 4) (6 9) (7 8) (10 33) (11 40) (12 30) (13 19) (15 27)
(16 23) (17 31) (18 20) (21 32) (22 29) (24 35) (25 42) (26 41)
(28 37) (34 44) (36 38) (39 45) (43 46) (47 49) (48 50):
Orbit matrix (O1) indexing is performed taking into account its E25-re?nements
(O2) and (O3). Only for (O2) the indexing could be ?nalized successfully. Checking
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all the obtained designs on isomorphism splits them ?nally into 24 classes consisting
of mutually isomorphic designs. The designs belonging to six classes are selfdual. The
full automorphism group of all designs is found to be of order 100, which means it is
the group G3: In Table 2 we note, up to isomorphism and duality, 15 obtained designs
in the same manner as in Theorem 2.1. The ?rst six are selfdual.
(2) Permutation representation of G3-generators on 〈c〉-cosets is:
Generator a –¿ (no ?xed point)
(1 2 3 4 5) (6 10 11 12 13) (7 17 21 20 22) (8 18 32 27 26)
(9 19 28 34 37) (14 15 30 31 24) (16 41 45 39 25)
(23 36 43 33 35) (29 50 46 49 40) (38 42 44 47 48)
Generator b –¿ (no ?xed point)
(1 6 7 8 9) (2 10 17 18 19) (3 11 21 32 28) (4 12 20 27 34)
(5 13 22 26 37) (14 16 42 29 23) (15 41 44 50 36)
(24 25 38 40 35) (30 45 47 46 43) (31 39 48 49 33)
Generator c –¿ (10 ?xed points)
(6 9) (7 8) (10 19) (11 28) (12 34) (13 37) (16 23) (17 18)
(20 27) (21 32) (22 26) (25 35) (29 42) (33 39) (36 41)
(38 40) (43 45) (44 50) (46 47) (48 49)
Generator d –¿ (no ?xed point)
(1 14) (2 24) (3 31) (4 30) (5 15) (6 23) (7 29) (8 42) (9 16)
(10 35) (11 33) (12 43) (13 36) (17 40) (18 38) (19 25) (20 46)
(21 49) (22 50) (26 44) (27 47) (28 39) (32 48) (34 45) (37 41):
Orbit matrix (O1) indexing is here more demanding than in case (1), because the
automorphism c has 10 ?xed points. The reductions we use are similar to those speci?ed
in the proof of Theorem 2.1. The result, after elimination of isomorphic structures, is
three nonisomorphic selfdual designs. They are given in Table 3 by the pairs of their
base blocks.
Applying Nauty we obtain |Aut13|=1200; | Aut23|=200; and |Aut33|=100:
(3) In the case of 〈c〉6G3 and 〈d〉6G3 each stabilizing one G3-orbit of length
50, (O1) indexing fails.
It is worth noticing that using GAP [3] we obtain
Aut23 ∼= 〈e; f; g; h | e5 =f5 = 1; ef=fe; g4 = 1; g−1eg= e2;
g−1fg=f3; h2 = 1; heh= e; hfh=f4; gh= hg〉;
where G3 ∼= 〈e; f; g2; h〉. Further, Aut13 is a semidirect product of Aut23 by Z6:
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Table 2
D13 : 6 9 10 12 21 22 26 29 30 32 33 34 36 38 39 41 44 45 48 50
1 3 4 6 7 8 9 10 11 12 18 20 24 30 33 34 35 40 43 44 46 47 48 49 50
1 3 4 6 7 8 9 13 18 19 20 21 22 24 25 28 29 32 34 35 37 39 42 44 45
6 9 12 13 17 18 19 20 25 26 28 30 31 37 41 42 47 48 49 50
D23 : 6 9 10 13 18 19 20 21 26 28 32 33 36 37 38 41 43 46 48 50
1 3 4 6 7 8 9 10 11 12 18 20 24 30 33 34 35 40 43 44 46 47 48 49 50
1 3 4 6 7 8 9 10 17 21 22 24 25 28 29 31 32 33 35 36 37 38 42 47 49
6 9 11 12 17 21 26 28 30 31 32 34 37 39 40 41 44 45 47 49
D33 : 6 9 10 17 18 20 21 25 26 28 31 32 33 36 37 38 41 42 43 46
1 3 4 6 7 8 9 10 11 13 18 19 20 24 25 33 35 40 42 43 46 47 48 49 50
1 3 4 6 7 8 9 10 17 18 20 21 24 25 28 31 32 33 35 36 37 38 42 43 46
6 9 12 17 21 22 26 28 29 30 31 32 34 36 37 38 39 41 44 45
D43 : 6 9 12 17 21 22 26 28 29 30 31 32 34 36 37 38 39 41 44 45
1 3 4 6 7 8 9 10 11 13 18 19 20 24 25 33 35 40 42 43 46 47 48 49 50
1 3 4 6 7 8 9 13 17 18 19 20 22 24 25 28 29 31 34 35 37 42 44 48 50
6 9 13 17 18 19 20 22 25 26 28 29 31 34 37 41 42 44 48 50
D53 : 6 9 10 11 17 18 20 25 26 28 31 33 37 39 40 41 42 43 45 46
1 3 4 6 7 8 9 10 11 13 19 21 24 25 32 33 35 39 40 42 45 47 48 49 50
1 3 4 6 7 8 9 12 17 18 20 21 24 25 30 31 32 34 35 36 38 42 43 44 46
6 9 10 12 21 22 26 29 30 32 33 34 36 38 39 41 44 45 48 50
D63 : 6 9 11 12 17 21 26 28 30 31 32 34 37 39 40 41 44 45 47 49
1 3 4 6 7 8 9 10 11 13 19 21 24 25 32 33 35 39 40 42 45 47 48 49 50
1 3 4 6 7 8 9 11 17 18 20 22 24 28 29 31 34 35 36 37 38 40 44 48 50
6 9 10 13 17 19 22 25 26 29 31 33 34 41 42 43 44 46 48 50
D73 : 6 9 10 12 21 22 26 29 30 32 33 34 36 38 39 41 44 45 48 50
1 3 4 6 7 8 9 10 11 12 18 20 24 30 33 34 35 40 43 44 46 47 48 49 50
1 3 4 6 7 8 9 10 11 13 19 21 24 25 32 33 35 39 40 42 45 47 48 49 50
7 8 10 13 16 18 19 20 22 23 25 29 33 36 38 42 43 46 48 50
D83 : 6 9 10 12 21 22 26 29 30 32 33 34 36 38 39 41 44 45 48 50
1 3 4 6 7 8 9 10 11 12 18 20 24 30 33 34 35 40 43 44 46 47 48 49 50
1 2 5 6 7 8 9 10 11 12 15 17 27 30 31 33 36 38 40 43 46 47 48 49 50
7 8 10 11 16 21 22 23 29 32 33 34 36 38 39 40 43 44 45 46
D93 : 6 9 10 12 21 22 26 29 30 32 33 34 36 38 39 41 44 45 48 50
1 3 4 6 7 8 9 10 11 12 18 20 24 30 33 34 35 40 43 44 46 47 48 49 50
1 2 5 6 7 8 9 12 15 17 18 20 22 27 28 29 30 31 34 36 37 38 43 44 46
6 9 11 12 17 21 26 28 30 31 32 34 37 39 40 41 44 45 47 49
D103 : 6 9 10 13 18 19 20 21 26 28 32 33 36 37 38 41 43 46 48 50
1 3 4 6 7 8 9 10 11 12 18 20 24 30 33 34 35 40 43 44 46 47 48 49 50
1 3 4 6 7 8 9 10 12 13 19 22 24 28 29 30 33 35 37 39 43 45 46 47 49
7 8 10 11 16 21 22 23 29 32 33 34 36 38 39 40 43 44 45 46
D113 : 6 9 10 13 18 19 20 21 26 28 32 33 36 37 38 41 43 46 48 50
1 3 4 6 7 8 9 10 11 12 18 20 24 30 33 34 35 40 43 44 46 47 48 49 50
1 2 5 6 7 8 9 11 12 13 15 18 19 20 27 30 34 39 40 43 44 45 46 48 50
7 8 10 13 16 18 19 20 22 23 25 29 33 36 38 42 43 46 48 50
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Table 2 (continued)
D123 : 6 9 10 17 18 20 21 25 26 28 31 32 33 36 37 38 41 42 43 46
1 3 4 6 7 8 9 10 11 13 18 19 20 24 25 33 35 40 42 43 46 47 48 49 50
1 3 4 6 7 8 9 10 12 13 17 19 24 28 30 31 33 35 37 39 43 45 46 48 50
7 8 10 11 12 16 21 23 30 32 33 36 38 39 40 43 45 46 47 49
D133 : 6 9 10 17 18 20 21 25 26 28 31 32 33 36 37 38 41 42 43 46
1 3 4 6 7 8 9 10 11 13 18 19 20 24 25 33 35 40 42 43 46 47 48 49 50
1 2 5 6 7 8 9 11 12 13 15 19 22 27 29 30 34 39 40 44 45 47 48 49 50
7 8 10 11 13 16 18 19 20 23 25 33 40 42 43 46 47 48 49 50
D143 : 6 9 10 17 18 20 21 25 26 28 31 32 33 36 37 38 41 42 43 46
1 3 4 6 7 8 9 10 11 13 18 19 20 24 25 33 35 40 42 43 46 47 48 49 50
1 2 5 6 7 8 9 11 15 18 20 21 22 25 27 29 32 34 36 38 40 42 44 47 49
6 9 13 17 18 19 20 22 25 26 28 29 31 34 37 41 42 44 48 50
D153 : 6 9 10 11 17 18 20 25 26 28 31 33 37 39 40 41 42 43 45 46
1 3 4 6 7 8 9 10 11 13 19 21 24 25 32 33 35 39 40 42 45 47 48 49 50
1 2 5 6 7 8 9 10 15 18 20 21 22 25 27 28 29 32 33 34 37 42 44 47 49
6 9 10 13 17 19 22 25 26 29 31 33 34 41 42 43 44 46 48 50
Table 3
13 : 1 2 3 4 7 8 12 13 14 15 16 23 24 31 34 37 38 40 46 47
1 2 4 6 9 11 12 13 14 15 17 18 20 27 28 33 34 37 38 39 40 46 47 48 49
1 2 3 7 8 10 11 14 17 18 19 20 22 25 26 27 28 31 35 36 38 40 41 43 45
2 3 4 5 6 9 13 15 17 18 24 29 30 31 37 42 43 45 48 49
23 : 1 2 3 4 11 13 14 15 17 18 24 28 31 33 37 39 44 46 47 50
1 2 4 6 9 10 11 13 14 15 19 21 22 25 26 28 29 32 35 37 42 44 46 47 50
1 2 3 7 8 12 13 14 16 20 21 22 23 26 27 31 32 33 34 36 37 39 41 46 47
2 3 4 5 6 9 11 15 20 24 27 28 29 30 31 36 38 40 41 42
33 : 1 3 6 9 11 12 14 22 24 26 28 33 34 36 39 41 43 45 46 47
1 6 9 11 12 13 14 15 16 17 18 20 21 23 24 27 28 30 32 33 34 37 39 44 50
1 6 9 11 12 13 14 17 18 20 21 24 25 27 28 30 31 32 34 35 36 37 41 48 49
2 3 6 9 15 17 18 20 21 27 29 31 32 38 40 42 43 45 46 47
Remark 2.1. The groups Aut13 and Aut
2
3 act transitively on 
1
3 and 
2
3; respec-
tively; moreover, they have subgroups acting regularly. This leads to the construction
of diKerence sets in two groups of type E25 · Z4 [4].
3. Construction of Bush-type Hadamard matrices of order 100
De%nition 3.1. A Bush-type Hadamard matrix is Hadamard block matrix H = [Hij]
of order 4n2 with blocks of size 2n such that Hii = J2n and HijJ2n= J2nHij =0; i 	= j;
16 i6 2n; 16 j6 2n; where J2n is the all-one matrix of order 2n.
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De%nition 3.2. Two Hadamard matrices are equivalent if one can be transformed into
the other by a series of row or column permutations and negations.
In order to construct a Bush-type Hadamard matrix of order 4n2 one can use a
(4n2; 2n2 − n; n2 − n) symmetric design on which an automorphism group of order 2n
acts in 2n orbits so that the corresponding orbit matrix is O= [ij];
ij =
{
0; i= j;
n; i 	= j;
[6,7]. Consequently, a construction of a Bush-type Hadamard matrix of order 100 can
be performed making use of a (100; 45; 20) symmetric design on which a group of
order 10 acts according to the orbit matrix
(O4)
10 10 10 10 10 10 10 10 10 10
0 5 5 5 5 5 5 5 5 5 10
5 0 5 5 5 5 5 5 5 5 10
5 5 0 5 5 5 5 5 5 5 10
5 5 5 0 5 5 5 5 5 5 10
5 5 5 5 0 5 5 5 5 5 10
5 5 5 5 5 0 5 5 5 5 10
5 5 5 5 5 5 0 5 5 5 10
5 5 5 5 5 5 5 0 5 5 10
5 5 5 5 5 5 5 5 0 5 10
5 5 5 5 5 5 5 5 5 0 10
:
It shows that, out of 291 nonisomorphic designs constructed in Section 2, only for
four of them given in Table 1, the orbit matrix (O4) presents the re?nement of (O1)
regarding the action of a subgroup of order 10.
Theorem 3.1. Up to equivalency and transpose operation there exist at least two
Bush-type Hadamard matrices of order 100. They are not symmetric.
Proof. On the designs D11; D
2
1; D
3
1; and D
4
1 given in Table 1, the cyclic subgroup
Z10 = 〈b; c〉6G1 acts in ten orbits of length 10 so that Z10-orbit structure is (O4).
Aiming to construct Bush-type Hadamard matrices from these designs, it is necessary
to change the former notation of their points (and blocks) according to the suitable per-
mutation representation of the G1-generators. This we accomplish using the following
permutation t ∈ S50 :
t=(1) (46) (48) (49) (2 11 22 43 40 45 37 47 39 9 5 41 29 25 8 4 31 30 36 20
33 27 10 12 32 24 26 44 50 28 19 15 16 7 3 21 23 17 13 42 38 18 14 6):
New notation applied, the incidence matrices M1; M2; M3; and M4 of the four quoted
designs, respectively, become block matrices with block size 10 and the property that
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their diagonal blocks are null-matrices, while all other blocks contain ?ve “0”s and
?ve “1”s in each row and column. Substitution 0 → 1 and 1 → −1 transforms
Mi; i=1; : : : ; 4 into Bush-type Hadamard matrices of order 100 that we denote by
Hi; i=1; : : : ; 4: As the designs D11; D
2
1; D
3
1; and D
4
1 are not selfdual, Hi are not sym-
metric. Note that H3 is equivalent to H1 and H4 is equivalent to H

2 because of cor-
responding designs’ mutual duality.
Remark 3.1. H1 is equivalent to the only one Bush-type Hadamard matrix of order
100 known so far [6]. H2 is new.
A Bush-type Hadamard matrix of order 100 generates two in?nite classes of the
symmetric designs with parameters (100(81m+81m−1+ · · ·+81+1); 45(81)m; 20(81)m)
and (100(121m + 121m−1 + · · ·+ 121 + 1); 55(121)m; 30(121)m); m∈N [6].
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